Background: Varicella-zoster virus (VZV) is the etiologic agent of two diseases, varicella (chicken pox) and zoster (shingles). Varicella is a self-limited infection, while zoster is mainly a disease of adults. The present study was conducted to isolate VZV from clinically diagnosed children using cell cultures and compare the activity of liquorice powder extract, an alternative herbal antiviral agent, with acyclovir and interferon alpha 2a (IFN-α2a) against the isolated virus.
a lifelong latent infection and is reactivated in adulthood to cause shingles (zoster). It is usually a selflimiting illness, but may be complicated by secondary bacterial skin infection, pneumonitis and encephalitis. (2) There are increasing numbers of atypical cases of varicella in immunocompromised persons. Strategies for controlling VZV outbreaks and atypical cases of VZV infection require confirmation of the infection and implementation of control measures to prevent further spread of varicella. (3) Laboratory diagnostic techniques for VZV infection include immunofluorescence assay for detection of viral antigen in scraped skin lesions and isolation of VZV using cell culture. Polymerase chain reaction using skin scrapings, vesicular fluid, respiratory secretions and cerebrospinal fluid (CSF) is the method of choice for diagnosis of VZV infection. (4) Difficulties in isolating VZV in cell culture have been discussed in many reports including its slow replication in cell culture, difficulty in preparing high-titer cell-free virus, instability of the virus during extraction and decreased sensitivity of cell lines at higher passage levels. (5) (6) (7) Although the results of viral cultures cannot be obtained fast enough to influence clinical decisions, they can confirm the diagnosis of VZV infection made by other methods. Successful isolation of VZV using cell culture in cases of positive testing is a reliable method for proof of the infectious virus. (8) Treatment of primary varicella infection is important in vulnerable populations, such as pregnant women, neonates, adults and immunocompromised individuals, because of the expected risk of complications. Antiviral treatment for herpes zoster is necessary to limit the severity and duration of the disease in both immunocompetent and immunocompromised individuals. (9) Acyclovir, famciclovir, and valacyclovir are antiviral agents licensed for the treatment of VZV infections. (10) However, emerging resistance to acyclovir has been reported in immunocompromised patients, particularly in patients with acquired immunodeficiency syndrome. Emerging resistance to antiviral drugs highlights the importance of testing the susceptibilities of VZV isolates to current therapy. Also, screening the antiviral activity of new antiviral agents is important to establish efficient treatment in cases of resistance to acyclovir and for safer treatment, as in pregnant patients. (11) In the present study we aimed to isolate VZV from clinically diagnosed children using cell culture and to evaluate the antiviral activity of liquorice powder extract as an alternative herbal antiviral agent and compare it with acyclovir and interferon alpha 2a against the isolated virus.
Liquorice, the root of the Glycyrrhiza glabra L. (Fabaceae) plant species, has been used medicinally for more than 4000 years. (12) The genus glycyrrhiza consists of approximately 30 species, of which six species produce a sweet saponin glycyrrhizic acid (GA). (13) Liquorice is one of the most widely used herbal drugs around the world, being present in most pharmacopoeias of eastern and western countries. (14) These medicinal plants are used as flavorings, sweeteners and herbal medicine, and also for improving health, detoxification and cures for injury. (15) They have been traditionally used for respiratory, gastrointestinal, cardiovascular, genitourinary, eye, and skin disorders, and for their antiviral effects. (16) GA, the most studied active constituent of liquorice, is a sweet-tasting material. The constituent is 50 times sweeter than sugar, and is widely used as a sweetening additive in the food industry. (17) In many countries, GA is used as a major therapeutic agent to treat chronic viral hepatitis and allergic dermatitis. (18) It is also known to have antiinflammation, (19) antiulcer, antihepatotoxic (20) and antivirus activities. (21, 22) 
METHODS

Specimens
Vesicular fluids were obtained from immunocompetent children 2-6 years old with varicella, 2 to 5 days after the onset of skin lesions as recommended previously. (23) Twenty-six specimens were collected by aspirating vesicular fluid using sterile 1 ml syringes (Icopiuma, Italy) containing approximately 0.2 ml Earle's Minimum Essential Medium (E-MEM) (Gibco-BRL, Long Island, NY, U.S.A.) as a viral transport medium. The syringes were rinsed immediately with 1 ml of viral transport medium (VTM). Twenty-two specimens were obtained by swabbing the vascular fluid using sterile cotton swabs (Nunc, Rochester, NY, U.S.A.). The tissue in the base of the lesions was squeezed to collect the highly cell-associated VZV. The cotton swab was placed in a sterile screw capped tube (Griener BioOne, Nurtingen, Germany) containing 1 ml of VTM. Specimens were filtered through 0.22 µm 1 ml Φ syringe filter (TPP, and preserved at -70°C (Revco, Thermo Fisher Scientific Inc., U.S.A.) until inoculation.
Isolation of VZV
VZV was inoculated onto tissue culture flasks (Griener) containing a monolayer of African green monkey cells, Vero cells (American Type Culture Collection City, [ATCC] -clone CCL-81). The flask was incubated at 37°C for an adsorption period of 1.5 hr with gentle mixing at 15 min time intervals for good virus distribution. Maintenance medium containing 0.2% dimethyl sulfoxide was dispensed to cell culture flasks post adsorption time (E-MEM supplemented with 2% fetal bovine serum without removing the inoculuma as recommended previously. (23) A negative control of noninfected cells was done in parallel. Cultures were examined daily using an inverted microscope (Hund, Wetzlar, Germany) for detection of the cytopathic effect (CPE). Live attenuated varicella vaccine was propagated on human lung fibroblast cells, MRC-5 (ATCC-clone CCL-171) as a positive control.
Preparation of seed stock of the isolated VZV
Tissue culture flasks showing a CPE of more than 90% were subjected to 3 cycles of freezing and thawing for extraction of cell-free and cell-associated virus. The collected virus was reinoculated onto Vero cells for seed stock preparation according to previous reports. (24, 25) 
Identification of the isolated virus
Preparation of VZV antiserum
Preparation of anti-VZV antibodies was carried out according to the method of Takasuka et al. with some modifications. (26) Male Swiss mice were subcutaneously immunized with aluminum hydroxide adsorbed varicella vaccine (GlaxoSmithKline, Bidogicals, Rixensart, Belgium). The collected serum was stored at -70°C until use.
Indirect immunofluorescence staining
Indirect immunofluorescence staining was carried out according to previous reports (27, 28) using 8 chamber lab-tech slides (Nunc) pre-cultured with MRC-5 cells. Varicella vaccine was included as a positive control and noninfected cells as a negative control.
Immunodot blotting staining (Antigen Spot Test)
Immunodot blotting assay was carried out according to the method of Kaufmann et al. using nitrocellulose membranes (Millipore, Corporation, Billerica, MA, U.S.A.). (29) VZV isolates, with varicella vaccine as a positive control and phosphate buffered saline (PBS)/ Tween as a negative control were spotted on nitrocellulose membranes (5 µl in each circle). After blocking of the paper, adding of both primary and secondary antibodies, color development, the membrane was allowed to air dry and then photographed.
Determination of viral infectivity titer using cell culture
As in previous reports (25, 30) the VZV isolates were serially diluted 10 fold. Each dilution was dispensed as 100 µl/well onto precultured Vero cells. Noninfected wells were included as a negative control. Plates were incubated at 37°C. 7 days post infection and the 50% endpoint (CCID 50 ) was determined according to Reed & Muench. (31) 
Growth kinetics of VZV isolates on Vero cells
Growth kinetics of VZV isolates were monitored according to the method of Grose & Brunel. (32) A total of 250 µl of each VZV isolate was inoculated in seven tissue culture flasks (25-cm 2 surface area; [TPP]). Samples were processed daily to determine the infectivity titer rise, as indicated above. The growth rate for each isolate was calculated relative to the time interval.
Cytotoxicity
Lquoric powder was kindly provided by Dr. Mai Selmi (Pharmacognosy Department, the National Organization for Drug Control and Research (NOD-CAR), Cairo, Egypt). She estimated the glycyrrhizin content using high-performance liquid chromotography. The cytotoxicity of the liquorice powder extract and acyclovir (GlaxoSmithkline) was determined according to the methods of Finter & Vijayan et al. (33, 34) Sterile filtrated liquorice and acyclovir extracts were diluted in E-MEM to a final concentration of 2 mg/ml and were added to plates containing the Vero cell line. Negative cell culture control was included by adding only culture media to vero cell. The cell culture plates were incubated at 37°C for 24 hrs. The extract treatment media was discarded. Plates were washed with PBS and fixed using 10% formalin (BDH, Chemicals Ltd., Poole, England) at 0.1 ml/well for 2 hrs at room temperature as described previously. (35) The fixative was discarded and the plates were stained using 0.3% crystal violet (Sigma-Aldrich, St. Louis, MO, U.S.A.) for 30 minutes at room temperature. Excess dye was removed by water flushing. Stained residual living cells were destained using ethanol-glacial acetic acid (BDH), 50% (V/V) to 0.05 ml/well for 5 minutes. The optical density (OD) was measured using an enzymelinked immunosorbent assay (ELISA) reader (MRX, Dynex Technologies, Chantilly, VA, U.S.A.) at a wave length of 550-570 nm. The mean optical densities of the test and control wells were recorded. The viability percentage was determined according to a previous report (36) as follows: Number of residual living cells = (OD of treated cells / OD of untreated cells) x Number of negative control cells (10 4 cells/0.1 ml).
Percentage viability = (Number of residual living cells / Number of negative control cells) x 100.
Antiviral activity
Antiviral activities of glycyrrhizin, acyclovir and interferon against VZV isolates were determined according to the method of Harada.
(37) Nontoxic concentrations of liquorice powder extract containing 125 µg/ml glycyrrhizin, 250 µg/ml acyclovir and 1000, 100, and 10 ng/ml interferon were used to treat precultured Vero cells for 24 hrs at 0.1 ml/well. One plate was maintained and left untreated for viral control titration. The VZV isolates were serially diluted 10 fold in E-MEM (10 -1 -10 -6 ). Antiviral activity was determined by subtracting the VZV mean titer in treated from that in non treated cells. The difference between the titers refers to the antiviral activity.
The inhibitory concentration (IC 50 ) was determined according to the method described by Wutzler. (38) Two fold serially diluted acyclovir was used to treat precultured Vero cells for 24 hrs at 0.1 ml/well. Plates were inoculated using 10 CCID 50 of the VZV isolates tested. Positive and negative controls were considered. Seven days post incubation the IC 50 of acyclovir was determined as the acyclovir concentration required to reduce the virus -induced cytopathic effect by 50% compared with the untreated control.
Statistical analysis
Statistical differences between the virus titers in cells treated with antiviral agents and the titers in nontreated cells were determined using one way ANOVA. Differences were considered significant when the p value was less than 0.05. The statistical differences between the antiviral activities of each two antiviral agents were determined using Tukey's honestly significant difference test.
RESULTS
Isolation and identification of VZV
Four out of 48 specimens showed a CPE on cultured Vero cells. All viral isolates were obtained from vesicular aspirate specimens, while none was obtained from swab specimens. The four isolates showed first cytological changes on the 4 th -7 th day post inoculation until the development of a 90% CPE on the 12 th -16 th day as shown in Fig. 1 .
On further passaging, the viral isolates showed a gradually elevated replication activity on Vero cells, where the cytological changes (90% CPE) could be detected within 2-4 days post viral inoculation (Fig.  2 ) compared with the negative control (Fig. 3) .
On the 5 th viral passage, the virus was inoculated in MRC-5 cells. Twenty-four hours post inoculation, the infected cells were stained by immunofluo- rescence dye and the virus could be detected in the infected cells as apple green fluorescence (Fig. 4) .
VZV isolates were identified using immunodot blot assay, where brown colored spots indicated positive reactivity to the specific antiserum prepared against the reference vaccine (Fig. 5) .
Growth kinetics of the isolated VZV on Vero cells
Evaluation of viral isolates growth kinetics on Vero cells indicated a progressive elevated viral infectivity titer relative to time in the order of 0.56 log (10) / 24 hr, 0.4 log (10) / 24 hr, 0.429 log (10) / 24 hr and 0.543 log (10) / 24 hr, with viral infectivity titers of 10 4.5 /0.1 ml, 10 3.8 /0.1 ml, 10 3.5 / 0.1 ml and 10 5 / 0.1 ml for isolates no.1, 2, 3 and 4, respectively 7 days post inoculation (Fig. 6 ).
Cytotoxicity
Evaluation revealed that 125 µg/ml glycyrrhizin and 250 µg/ml acyclovir had no cytotoxic effect on Vero cells (Fig. 7) .
Antiviral activity
Liquorice powder extract containing 125 µg/ml glycyrrhizin showed the least depletion in virus infectivity titer (0.5 log) followed by acyclovir and interferon recording 4 and 5 log decreases, respec- tively. The differences between the mean log virus titers in cells treated with glycyrrhizin, acyclovir and interferon compared with the mean log virus titer in untreated cells were statistically significant using one way ANOVA (p < 0.05). On further dilution of acyclovir, the IC 50 ) was reached at 7.8 µg/ml (Fig. 8) .
DISCUSSION
Although a reduction in the incidence of chickenpox was reported with the introduction of the varicella vaccine in 1995, (39) vaccination against VZV is not a routine policy in many countries and seasonal outbreaks of the wild type infection of the virus continue to occur. In addition, increasing numbers of atypical cases of varicella in immunocompromised persons have also been reported. Isolation and identification of VZV is of great importance in confirming infection and studying the characteristics of the virus, including the viral growth kinetics and susceptibility to different antiviral agents, in order to find an alternative to the current therapy for controlling the severity of the disease.
In the present study, VZV was isolated from the vesicular lesions of immunocompetent children with chicken pox. (40) Other studies reported recovery of VZV from other sites such as as mononuclear cells, CSF, and biopsy specimens during the late incubation period and the acute phase of the disease. VZV has been isolated and propagated on the African green monkey kidney Vero cell line. (23, 24, 41, 42) In the mean time Gerna et al and O'Neill et al. (43, 44) reported that human embryonic lung fibroblast cell lines (MRC-5 and WI-38) were sensitive for the detection and isolation of VZV.
Collecting vesicular fluid was more efficient than cotton swab sampling in the present study, and all viral isolates were obtained from vesicular fluid specimens. It has been noted that swabbing is not an effective means to obtain vesicular fluid. (23) The introduction of a cotton swab into a suspension of VZV may reduce the titer 5 fold because of physical binding of the virus to the swab material. Also, Levin et al. reported that toxic substances in the swab inactivated the virus and were toxic to cell cul- ture. (45) In the present study, 4 out of 48 collected specimens were positively isolated on the Vero cell line. The low percentage of recovered isolates might be attributed to virus loss because of filtration of specimens prior to inoculation onto Vero cells. Virus loss may be due to the protein binding capacity of the membrane filters, as well as timing of the sample collection, which may be due the time between onset of infection and sample patient admission to hospital. Filtration of specimens using a (0.45 µm) filter decreases the chance of success of VZV isolation. (45, 46) Also, in this study, the rate of isolation was high in the first 3 days after the onset of the disease but, it declined gradually with time.
The delayed detection of cytological changes may be attributed to the low viral load in collected specimens, with a 90% CPE on the 12 th -16 th day post infection. Alternating passaging in cell cultures could be a supporting factor to maximize the viral load, as on the 5 th passage, cytological changes could be detected within 2-4 days post viral infection showing a gradual increase in the mean viral infectivity titer relative to time with a 0.56 log (10) / 24 hr, 0.4 log (10) / 24 hr, 0.429 log (10) / 24 hr and 0.543 log (10) / 24 hr for the 4 isolates, respectively. Other researchers have noted that the infective varicella zoster virus can be isolated using cell cultures and a typical cytopathic effect (CPE) can be observed within 3 days to 3 weeks according to the viral load. (6, 24, 42, 47) These results showed that Vero cells could be used successfully for isolation and propagation of VZV. In the mean time, identification of the viral isolates was carried out using immunofluorescent and immunodot blotting assays, with positive results for the 4 isolates. These results are supported by the Rawlinson et al. (48) and Meqdam et al. (49) who reported no positive viral culture for VZV had negative immunofluorescence. Also, antibodies to VZV could be detected using the same assay according to Leonardi et al. who reported that dot-ELISA could be used reliably for the detection of antibodies to varicella viruses in human sera. (50) The cytotoxicity of liquorice powder extract and acyclovir to Vero cells was monitored by crystal violet uptake assay in order to determine the nontoxic concentrations that maintained 100% cellular viability. The antiviral activities of liquorice powder extract containing glycyrrhizin, acyclovir and interferon alpha 2a against one isolate were evaluated. The nontoxic concentration of liquorice extract containing glycyrrhizin (125 µg/ml) showed slight antiviral activity with a decrease in the mean viral infectivity titer by 0.5 log (10) / 0.1 ml. Glycyrrhizin shows a more pronounced anti-VZV activity in human fibroblasts. (51, 52) The discrepancy in this study might be simply explained by the use of a powder extract of liquorice (containing glycyrrhizin as 125 µg/ml) rather than the pure form of glycyrrhizin.
The nontoxic concentration of acyclovir (250 µg/ml) showed good antiviral activity against the isolated virus.The mean depletion of the viral infectivity titer was 4 logs and the IC 50 of acyclovir was reached at 7.8 µg/ml. In that context, Wutzler (38) reported that the IC 50 for acyclovir against most laboratory strains and clinical isolates of VZV ranges from 0.12 to 10.8 µg/ml. On the other hand, interferon alpha-2a showed the highest antiviral activity against VZV. Cells treated with 10 ng/ml interferon showed a complete suppression of virus infectivity titer. The antiviral activity of interferon-alpha against VZV in vivo has been demonstrated previously. (53) Muller-Doblies et al. reported that interferon which was released from virus-infected cells activated Mx genes to produce Mx proteins that exhibited an antiviral effect by interfering with the viral replication cycle. (54) 
Conclusion
VZV isolates were successfully isolated and propagated using Vero cells. Isolates were identified using indirect immunofluorescent and immunodot blotting techniques. Growth kinetics of the isolates revealed an increase in the viral infectivity titer relative to time. The cytotoxicity of liquorice powder extract and acyclovir on Vero cells was determined using crystal violet uptake assays. Glycyrrhizin in the crude form has a low antiviral activity against VZV compared with acyclovir and interferon. Molecular biology techniques are recommended for genotyping of Egyptian isolates. Screening of the antiviral activity of a wide range of herbal antiviral agents is also suggested in order to establish a safer, more economical and more efficient treatment, particularly for acyclovir resistant isolates.
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